Background: This review updates evidence since the 2002 U.S. Preventive Services Task Force recommendation on osteoporosis screening.
Editor's Note: As part of the U.S. Preventive Services Task Force's (USPSTF) ongoing commitment to clarity about its work and methods, it has begun to invite public comment
T his systematic evidence review is an update for the U.S. Preventive Services Task Force (USPSTF) recommendation on screening for osteoporosis. In 2002, on the basis of results of a previous review (1, 2) , the USPSTF recommended bone density screening for women 65 years or older and for women aged 60 to 64 years at increased risk for osteoporotic fractures (3, 4) . They made no recommendations for or against screening postmenopausal women younger than 60 years or women aged 60 to 64 years without increased risk. Men were not considered in the previous recommendation.
Osteoporosis is a systemic skeletal condition characterized by low bone mass and microarchitectural deterioration of bone tissue that increases bone fragility and risk for fractures (5) . Osteoporosis may occur without a known cause or secondary to another condition. Osteoporosis is diagnosed in persons on the basis of presence of a fragility fracture or by bone mass measurement criteria. These criteria were developed by the World Health Organization from epidemiologic data that describe the normal distribution of bone mineral density (BMD) in a young healthy reference population (6) . Osteoporosis is diagnosed when the BMD at the spine, hip, or wrist is 2.5 or more SDs below the reference mean (T-score of Ϫ2.5 or less), and low bone density or mass is diagnosed when BMD is from 1.0 to 2.5 SDs below the reference mean. Other important components of the condition, such as rate of bone loss and quality of bone, are not well characterized clinically.
Estimates indicate that as many as 50% of Americans older than 50 years will be at risk for osteoporotic fractures during their lifetimes (5) . This translates to 12 million persons with osteoporosis by 2012 (5) . Specific prevalence rates depend on how bone density is measured and characteristics of the population. Rates for women are higher than those for men; rates vary by race, with the highest rates in white persons; and rates for all demographic groups increase with age (7) (8) (9) . Older persons have much higher fracture rates than younger persons with the same bone density because of increasing risks from other factors, such as bone quality and tendency to fall (10) .
All types of fractures are associated with higher mortality rates (11) (12) (13) (14) . Men are more likely than women to die in the year after a hip fracture, with mortality rates for men estimated at up to 37.5% (15) . Fractures adversely affect function and quality of life, resulting in chronic pain, disability, and high costs (5) . Despite increased awareness of the magnitude and consequences of osteoporosis and recommendations for screening and treatment from several groups, osteoporosis is underdetected and inadequately treated in the United States (16, 17) . Reasons for this are unclear, although the differing recommendations for identifying candidates for testing and treatment, confusion in interpreting results of testing, and fragmentation of health care may contribute (18) . This update focuses on new studies and evidence gaps that were unresolved at the time of the 2002 USPSTF recommendation. These include the effectiveness and harms of osteoporosis screening in reducing fractures for men as well as postmenopausal women without known previous fractures; the performance of risk-assessment instruments and bone measurement tests in identifying persons with osteoporosis; optimal screening intervals; and efficacy and harms of medications to reduce primary fractures in a screening-detected population.
METHODS
The USPSTF and the Agency for Healthcare Research and Quality (AHRQ) developed key questions for this review. Investigators created an analytic framework, incorporating the key questions and outlining the patient populations, interventions, outcomes, and harms of the screening process (Appendix Figure 1 , available at www.annals.org). The target populations include postmenopausal women and men older than 50 years without known previous osteoporosis-related fragility fractures or secondary causes of osteoporosis. Harms of screening include consequences of false-positive and false-negative tests, patient anxiety and other psychosocial responses, unnecessary treatment, and adverse outcomes from medications.
Data Sources and Searches
We searched the Cochrane Central Register of Controlled Trials and Cochrane Database of Systematic Reviews (through the fourth quarter of 2009) and MEDLINE (January 2001 to December 2009) for relevant studies and systematic reviews. A technical report (19) describes search strategies and additional details. We also conducted secondary referencing by manually reviewing reference lists of key papers and searching citations by using Web of Science (20). Appendix Figure 2 (available at www.annals.org) shows the results of our literature search.
Study Selection
We selected studies on the basis of inclusion and exclusion criteria developed for each key question (19) . We included randomized, controlled trials (RCTs) with fracture or fracture-related morbidity and mortality outcomes to determine the effectiveness of osteoporosis screening and studies of any design to determine harms from screening.
To determine the accuracy and clinical applicability of risk-assessment instruments, we included studies of externally validated instruments that reported performance characteristics. Instruments were included if they were derived from an initial population and then tested in a separate population; derived from computer modeling, consen-
Context
In 2002, the U.S. Preventive Services Task Force recommended bone density testing for women 65 years or older and women 60 to 64 years with increased fracture risk and made no recommendation for or against screening other women or men.
Contribution
This review of studies related to osteoporosis screening that were published from January 2001 to December 2009 found no trials of screening. Evidence showed that riskassessment instruments predict low bone density and fractures, dual-energy x-ray absorptiometry predicts fractures similarly in both sexes, and calcaneal ultrasonography predicts fracture but correlates poorly with dual-energy x-ray absorptiometry. Trials show that bisphosphonates, parathyroid hormone, raloxifene, and estrogen prevent primary vertebral fractures in women. Prevention trials are lacking in men.
Implication
Recommendations for osteoporosis screening must be based on indirect evidence that is largely from studies of women.
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Clinical Guidelines Screening for Osteoporosis sus, or another study and then tested in a novel population; or derived from any source and tested against T-scores or actual fracture rates in a population. We did not include internally validated measures (imputation methods or cross-validation). To determine the performance of bone measurement tests in predicting fractures, we limited studies to existing systematic reviews and technology assessments of procedures currently used in U.S. practice and large population-based studies relevant to primary care settings. We included any studies providing data about screening intervals.
To evaluate the efficacy and harms of medications to reduce fractures in a screening-detected population, we included RCTs and meta-analyses of RCTs that reported fracture and fracture-related outcomes and adverse effects for medications used in the United States. Outcomes included specific types of fractures; fracture-related morbidity, including loss of function, pain, quality of life, and other reported health outcomes; and fracture-related mortality. We excluded nondrug therapies because they are addressed in other reviews for the USPSTF (for example, calcium, vitamin D, exercise, and fall prevention) and combination therapies. We focused on trials that enrolled patients without known previous osteoporosis-related fragility fractures, such as vertebral compression or hip fractures, and without known secondary causes of osteoporosis because this population is most relevant to screening. We included trials that met 1 of the following 3 criteria. First, the trial excluded persons with previous vertebral or other presumably osteoporotic fractures. Second, the trial permitted persons with previous osteoporotic fractures, but the overall proportion of participants with fractures was less than 20%, or the trial reported results separately for participants with and without previous fractures. We considered trials meeting this criterion to be applicable to primary prevention based on epidemiologic data (21) . Third, the trial did not report the proportion of participants with previous osteoporotic fractures, but inclusion criteria did not select persons on the basis of presence of a previous fracture, and mean BMD T-scores were Ϫ3.0 or more. This threshold was selected because placebo-controlled trials that enrolled more than 20% of women with previous fractures reported mean baseline BMD T-scores less than Ϫ3.0 (22) (23) (24) (25) .
We determined harms from good-and fair-quality systematic reviews that pooled primary and secondary prevention trials after verifying data abstraction and statistical analyses and large controlled observational studies. For osteonecrosis of the jaw, we included systematic reviews summarizing evidence from case reports and series.
Data Abstraction and Quality Assessment
Details about the patient population, study design, analysis, follow-up, and results were abstracted. By using predefined criteria developed by the USPSTF (26), 2 investigators rated the quality of studies (good, fair, or poor) and resolved discrepancies by consensus. We assessed the overall strength of the body of evidence for each key question (good, fair, or poor) by using methods developed by the USPSTF on the basis of the number, quality, and size of studies; consistency of results between studies; and directness of evidence (26) .
Data Synthesis and Analysis
We pooled results of primary prevention trials of bisphosphonates for various fracture outcomes (vertebral, nonvertebral, hip, wrist, and ankle) by using the randomeffects Mantel-Haenszel method in Review Manager (RevMan), Version 5.0 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). We chose the random-effects model because of differences in study participant characteristics, such as baseline BMD, previous fractures, and risk factors for osteoporosis. Results were also stratified by type of bisphosphonate if sufficient data for pooling were available. For trials that evaluated several doses, we focused on outcomes for doses similar to those currently recommended in the package inserts approved by the U.S. Food and Drug Administration (FDA).
Several trials included in the meta-analyses reported few, rare, or 0 fracture events. The primary analyses excluded trials with 0 events in both groups, resulting in loss of data, and applied a constant continuity correction of 0.5 for trials with 0 events in 1 group, potentially biasing inferences (27, 28) . In addition, the random-effects MantelHaenszel method we used may be unsuitable when events are rare (27) . We therefore conducted sensitivity analyses to determine the effects of alternate pooling methods on estimates by using the Peto odds ratio (OR), fixed-effects Mantel-Haenszel method with an alternative continuity correction, and the pooled arcsine difference (27) (28) (29) . The Appendix (available at www.annals.org) provides details about the methods and results of these analyses, as well as other sensitivity analyses.
Role of the Funding Source
The AHRQ funded this work, developed key questions in conjunction with USPSTF members, and assisted with internal and external review of the draft, but had no additional role in the design, conduct, or reporting of the review. External experts not affiliated with the USPSTF reviewed the draft manuscript.
Performance of Risk-Assessment Instruments to Stratify Individuals Into Risk Categories (Key Question 2)
Thirty-three studies evaluated 21 externally validated clinical risk-assessment instruments and reported performance estimates of the area under the curve (AUC) for the receiver-operating characteristic curve predicting either bone density or fractures (30 -62) . Eight instruments were tested with men (30, 36, 45-47, 57, 60, 61) . Instruments include from 1 (33, 34, 37, 38, 48) to more than 15 (32, 45) variables, although most include age, weight or body mass index, and previous fracture. Family history of fractures, smoking status, and estrogen use are also commonly included. Important methodological limitations of studies include nonrepresentative samples, cross-sectional rather than prospective data collection, inconsistent performance of the reference standard, and differences in performance measures across studies. The technical report (19) describes additional studies of instruments that were internally validated or not validated or did not report AUC estimates, along with studies that combined clinical risk factors with peripheral dual-energy x-ray absorptiometry (DEXA) or quantitative ultrasonography (QUS) measures.
Twenty-three studies of 14 instruments to predict low BMD (T-score of Ϫ2.5 or less) reported AUC estimates ranging from 0.13 to 0.87, with most between 0.60 and 0.8 (30, (32) (33) (34) (35) 37 , 38, 42-44, 47-53, 55, 56, 58 -61) ( Table 1 ). Although some instruments had high AUC estimates in selected studies, none demonstrated high estimates in several studies. Instruments with fewer risk factors often did as well or better than those with more. For example, the Osteoporosis Self-assessment Screening Tool (OST) includes only age and weight, has similar AUC estimates as other more complicated instruments, and has been validated in both men (30, 47, 61) and women (37, 43, 44, 48, 53, 55) . Eleven studies of 11 instruments to predict fractures reported AUC estimates from 0.48 to 0.89 (31, 36, 39 -41, 45 , 46, 52, 54, 57, 62) ( Table 1) . Four studies included both men and women (36, 45, 46, 57); all others included only women.
The World Health Organization and National Osteoporosis Foundation recently developed the FRAX instrument to predict individual fracture risks (46, 63). FRAX estimates adjust for nationality and include femoral neck BMD if available and age, sex, height, body mass index, previous fracture, family history of fracture, glucocorticoid use, current smoking status, daily alcohol use of 3 units or more, rheumatoid arthritis, and other secondary causes of osteoporosis. FRAX was derived from combined data from 46 340 persons from 9 cohorts and subsequently tested in 230 486 persons from 11 validation cohorts (46). Seven derivation cohorts and 1 validation cohort included men. Although the risk calculator is available on a Web site (www.shef.ac.uk/FRAX/), the source code is not accessible. The AUC estimates for FRAX ranged from 0.54 to 0.78 for osteoporotic fractures (40, 46, 57) and 0.65 to 0.81 for hip fractures (46) ( Table 1) . Three studies compared FRAX with simple models, such as age and BMD or age and fracture history, and found that simple models did as well as FRAX in predicting hip and other clinical fractures (40, 64) and vertebral fractures (39). We did not identify studies that prospectively tested FRAX in clinic populations or determined its effectiveness in selecting patients for therapy.
Performance of DEXA in Predicting Fractures in Men (Key Question 3a)
Two good-quality, prospective cohort studies evaluated the performance of DEXA in predicting fractures in men and compared results of men with those of women (65) (66) (67) . The Rotterdam Study compared 4731 women and 3075 men 55 years or older from the same community at the same time (65, 66) . Nonvertebral fractures were determined 6 to 7 years after baseline BMD from fracture reports, and vertebral fractures were determined from follow-up radiography by using morphometric criteria. For each sex-specific SD decrease in femoral neck BMD, the hazard ratio for all nonvertebral fractures was 1.4 (95% CI, 1.2 to 1.6) for men and 1.5 (CI, 1.4 to 1.6) for women and were similar for several site-specific fractures (65, 66) . The hazard ratio for vertebral fractures was 1.8 (CI, 1.3 to 2.4) for men and 1.9 (CI, 1.6 to 2.4) for women.
A study of BMD and risk for hip and nonvertebral fractures compared men enrolled in MrOS (Osteoporotic Fractures in Men Study) with women in SOF (Study of Osteoporotic Fractures) and reported similar results (67) . However, in this study, DEXA of the femoral neck was associated with a higher relative risk for hip fracture in men (3.68 (68 -70) . Variations in estimates may be due to the different patient populations, study designs, and other factors.
Performance of Peripheral Bone Measurement Tests in Predicting Fractures (Key Question 3b)
Several peripheral bone measurement tests have been developed, although clinical practice and recent research focus on QUS of the calcaneous. For postmenopausal women, 7 studies of DEXA and QUS report similar AUC estimates and risk ratios for fracture outcomes in general, although results vary across studies (71-77) (Appendix Table 1, available at www.annals.org). For all fractures combined, AUC estimates range from 0.59 to 0.66, and risk ratios range from 1.81 to 2.16 for DEXA of the femoral neck. For QUS, AUC estimates are approximately 0.60, and risk ratios range from 1.26 to 2.25. Similar results were found in 5 studies of men (68 -70, 73, 78) (Appendix Table 1 ). For hip fractures specifically, DEXA of the femoral neck is associated with higher risk ratios than QUS for men and women in most studies (70, 72) .
Screening Intervals (Key Question 3c)
In a large, good-quality, prospective cohort study (SOF) of 4124 women 65 years or older, repeated BMD measurement up to 8 years after an initial measurement Clinical Guidelines Screening for Osteoporosis Additional variables include first-degree relative who had a hip fracture; previous fracture at age Ͼ50 y; no walking for exercise; uses arms to rise from seated position; current use of benzodiazepines, anticonvulsants, or corticosteroids; resting pulse Ͼ80 beats/min; on feet Ͻ4 h/d; dementia diagnosis; not using menopausal hormone therapy; height Ն5 ft, 7 in, at age 25 y; and race other than black. ¶ Variables used for calculating QFracture score for women but not for men.
Clinical Guidelines
Screening for Osteoporosis did not result in statistically significant differences in AUC and risk ratio estimates for nonvertebral, hip, or vertebral fractures (79) . No studies of screening intervals have been conducted in men or other groups of women.
Efficacy of Medications for Reducing OsteoporosisRelated Fractures (Key Question 5) Primary Prevention Trials in Postmenopausal Women
Bisphosphonates. Fifteen placebo-controlled RCTs of bisphosphonates met inclusion criteria (25, 80 -93) (Appendix Table 2 , available at www.annals.org). The FIT (Fracture Intervention Trial) met criteria for good quality (82) . Of 13 trials rated as fair quality, 8 lacked information on randomization, allocation concealment, or outcomes blinding (25, 84, 86, 89 -93) ; 5 trials did not report intention-to-treat analysis or blinding of providers (80, 81, 85, 87, 88) . One poor-quality trial did not report blinding, intention-to-treat analysis, or attrition (83) .
In 11 trials, mean baseline femoral neck BMD T-scores were Ϫ1.0 to Ϫ2.5 (80 -84, 87-90, 92, 93); 1 trial enrolled women with T-scores less than Ϫ2.5 (25); and 3 trials enrolled women with T-scores greater than Ϫ1.0 (85, 86, 91) . Five trials excluded or did not enroll women with previous vertebral fractures (80 -82, 84, 92); 2 trials enrolled more than 20% of participants with previous vertebral fractures but reported results in the subgroup of women without previous fractures (25, 87) ; and the remainder did not report the proportion of women with previous fractures. Only FIT-the large, 4-year trial of alendronate-was designed to evaluate fractures as primary outcomes (82 Parathyroid Hormone. A trial of parathyroid hormone evaluated fracture outcomes after 18 months in postmenopausal women with a BMD T-score less than Ϫ3.0 and no prevalent vertebral fractures (81% of enrollees) or a T-score less than Ϫ2.5 and 1 to 4 prevalent fractures (19%) (94) . The trial was considered fair quality because it did not describe blinding of outcomes. In women without previous fractures, parathyroid hormone reduced new vertebral fractures from 2.1% to 0.7% (RR, 0.32 [CI, 0.14 to 0.75]). Among all women, no difference in nonvertebral fractures was found ( Table 2) .
Raloxifene. The MORE (Multiple Outcomes of Raloxifene) trial included women with BMD T-scores less than Ϫ2.5 with or without previous vertebral fractures (96, 98, 104) . The RUTH (Raloxifene Use for the Heart) trial was designed primarily to determine the effects of raloxifene on coronary events and invasive breast cancer, and fractures were secondary outcomes (97) . In a pooled analysis of both trials, raloxifene reduced vertebral (RR, 0. Table 2 ). In MORE, risk for vertebral fractures was reduced for women with or without previous vertebral fractures (96, 104) .
Estrogen. The WHI (Women's Health Initiative) is the largest prevention trial of estrogen (conjugated equine estrogen) with and without progestin (medroxyprogesterone acetate) that reports fracture outcomes in postmenopausal women. Both trials reported reduced clinical vertebral, hip, and all fractures combined compared with placebo (99, 100) ( Table 2 ). However, results of both trials were not statistically significant for selective sites, such as the hip, when CIs were adjusted.
Primary Prevention Trials in Men
The only primary prevention trial for men evaluated the effects of parathyroid hormone in men with osteoporosis (baseline BMD lumbar spine T-scores, Ϫ2.0 to Ϫ2.4) and met criteria for good quality (95 
Harms Associated With Medications for Osteoporosis and Low Bone Density (Key Question 6) Bisphosphonates
Although case reports of serious upper gastrointestinal adverse events have been reported with all bisphosphonates, systematic reviews and individual trials found no differences with placebo in rates of serious gastrointestinal adverse events (107, 108) or withdrawals (109 -116) (Appendix Table 4 , available at www.annals.org). The FDA recently issued a report that summarized 54 cases of esophageal adenocarcinoma associated with bisphosphonates (117) .
Evidence on the risk for atrial fibrillation with bisphosphonates is mixed (112, 113, 118 -121) . The FDA issued an interim report of an ongoing review based on data from nearly 20 000 patients treated with bisphosphonates in placebo-controlled trials (122). Results indicated no clear association between bisphosphonate exposure and the rate of serious or nonserious atrial fibrillation.
Case reports of severe musculoskeletal pain that may be reversible after discontinuing the medication have been reported with all bisphosphonates. Zoledronic acid was associated with increased musculoskeletal events in a systematic review of trials (123). Case reports of osteonecrosis of the jaw are primarily from patients with cancer who receive intravenous doses of bisphosphonates that exceed those used for osteoporosis treatment or prevention (124) . Case reports of atypical, low-energy fractures of the femoral di- 
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Calcitonin and Parathyroid Hormone
Evidence of harms is limited by few trials and inconsistent reporting of adverse events. Calcitonin does not increase risk for the acute coronary syndrome; and calcitonin and parathyroid hormone do not increase risk for cancer or increase mild gastrointestinal events (123).
Raloxifene
Raloxifene increases risk for thromboembolic events but not for coronary heart disease, stroke, or endometrial cancer (97, 128, 105) . It can cause hot flashes, leg cramps, and peripheral edema (96, 97, 104) . Raloxifene also reduces risk for invasive breast cancer in women without preexisting breast cancer (97, 105) .
Estrogen
Both estrogen with progestin and estrogen alone increase thromboembolic events (129, 130) and strokes (100, 131) . Estrogen with progestin increases risk for coronary heart disease events (132) and breast cancer (133), does not increase risk for endometrial cancer (134) , and reduces risk for colon cancer (135) . Estrogen alone did not affect these outcomes in the WHI (100, 136, 137) . Table 3 summarizes the evidence reviewed for this update, and an outcomes table providing an illustration of the clinical application of the evidence is described in the Appendix and Appendix Table 5 (see also Appendix Figures 3 and 4 , available at www.annals.org). No RCTs evaluated the overarching questions of the effectiveness and harms of screening for osteoporosis in reducing fractures and fracture-related outcomes for postmenopausal women and men. Therefore, no direct evidence that screening improves outcomes is available. Support for population screening would be based on evidence that individual risk for fracture can be estimated and fractures can be significantly reduced for persons at risk.
DISCUSSION
Although many different risk-assessment instruments have been developed, most include similar variables, such as age and weight. Studies that report AUC estimates for validated instruments demonstrate that they are modest predictors of low bone density or fracture, and simpler models perform as well as more complex ones, such as FRAX. No studies determined the effectiveness of these instruments in improving fracture outcomes.
Data from large population-based cohorts indicate that the predictive performance of DEXA is similar for men and women. Calcaneal QUS using various types of devices can predict fractures of the femoral neck, hip, or spine in men and women, although variation exists across studies. Quantitative ultrasonography has low correlation with DEXA, and it is not clear how QUS can be used to select persons for medications that were proven efficacious on the basis of DEXA criteria. Data are lacking to determine how frequently to obtain bone measurements, although 1 study indicated no advantage to repeated measures that were 8 years apart (79) .
No trials of medications report effects on fracturerelated morbidity and mortality. For postmenopausal women, bisphosphonates, parathyroid hormone, raloxifene, and estrogen reduce primary vertebral fractures. Bisphosphonates significantly reduce nonvertebral fractures in sensitivity analyses that used alternative pooling methods or broadened our definition of primary preventionconsistent with meta-analyses of secondary prevention trials of alendronate and risedronate (109, 111) . Estrogen also reduces nonvertebral fractures in trials when using unadjusted estimates, but results are not statistically significant when estimates are adjusted. In the only primary prevention trial that stratified results according to baseline BMD, benefits were observed only in patients with T-scores of Ϫ2.5 or less (82) . For men, no primary prevention trials of bisphosphonates exist, and results from a single trial of parathyroid hormone did not reach statistical significance.
Trials and safety reviews have not supported consistent associations with serious upper gastrointestinal adverse events, atrial fibrillation, or osteonecrosis of the jaw in otherwise-healthy patients taking bisphosphonates for fracture prevention. The FDA has recently highlighted case reports of esophageal cancer and severe musculoskeletal pain. An analysis of data from 3 trials published after our searches found no association between bisphosphonate use and atypical fractures of the subtrochanteric or diaphyseal femur, with an event rate of 2.3 per 10 000 patient-years (138) . Evidence on harms associated with calcitonin and parathyroid hormone for treatment of osteoporosis is limited. Raloxifene and estrogen with and without progestin increase thromboembolic events; estrogen with and without progestin increases stroke; and estrogen with progestin increases coronary heart disease among older users and breast cancer.
Osteoporotic fractures result from several factors, and this review is limited by its focus on only some of them. Consideration of vision, physical function, risk for falls, and secondary causes of osteoporosis, for example, is also important in reducing fractures. However, these conditions are beyond the scope of this review.
Available evidence is also limited. Trials of medications vary in size, duration, quality, and applicability and have few fracture outcomes. Primary prevention trials and trials that enroll men or persons with low BMD (that is, baseline BMD T-scores from Ϫ1.0 to Ϫ2.5) are lacking. Applying the results of clinical trials to patient care is especially difficult when selection criteria are rigid and study participants do not represent the community population. This is particularly true in older populations, in which Clinical Guidelines Screening for Osteoporosis comorbid conditions and use of several medications are common and would disqualify patients from enrolling in most trials.
Osteoporosis and osteoporosis-related fractures are common in aging men and women in the United States. Fractures cause premature mortality, loss of independence and function, reduced quality of life, and substantial financial costs. Although methods to identify persons at risk for osteoporotic fractures are available and medications to reduce fractures are effective, no trials directly evaluate screening effectiveness, harms, or intervals. 
Adjustment for Rare or 0 Events in the Meta-analysis
To evaluate potential effects of including 0 event trials, we compared the pooled arcsine difference (a measure of risk difference) with and without 0 event trials (29) . To evaluate the influence of alternative methods for pooling trials with uncommon outcomes or 0 events in 1 group on the combined results, we compared results from the primary analyses with the Peto ORs and the fixed-effects Mantel-Haenszel RRs with an alternative continuity correction (inverse of the sample size of the opposite treatment group [28] ).
Additional Sensitivity Analysis
We assessed statistical heterogeneity with the I 2 statistic and, when present, effects of dose and duration of trials on results. We also assessed the effects of methodological quality on the basis of our ratings by using predefined criteria, as described in the Methods section.
To determine whether baseline BMD affected results, we conducted an analysis that stratified trials according to the mean baseline BMD (T-score less than vs. greater than Ϫ2.0). For trials that did not report mean baseline T-scores, we calculated them from mean baseline BMD at the femoral neck by using the FRAX Patch program, version 1.4 (Oregon Osteoporosis Center, Portland, Oregon). We verified that in trials that reported mean baseline T-scores and BMD, reported T-scores were similar to results by using FRAX Patch. If femoral neck BMD was not reported, we used baseline total hip BMD. The FRAX Patch program includes adjustments according to densitometer manufacturer. If the manufacturer was not reported, we calculated T-scores for all 3 manufacturers included in the FRAX Patch and averaged the scores.
To determine whether our criteria for selecting primary prevention trials affected results, we conducted sensitivity analyses on fracture estimates that included trials that enrolled up to 40% of participants with previous vertebral fractures or did not report baseline vertebral fracture rates and reported a baseline BMD T-score less than Ϫ3.0 (22, 24, 87, (101) (102) (103) .
Screening Strategies and Yield
To estimate the effect of screening 10 000 postmenopausal women with DEXA for primary fracture prevention, we created an outcomes table on the basis of assumptions from the reviewed studies (Appendix Table 5 ). Although these calculations have important limitations and underestimate the uncertainty in the evidence, they provide an illustration of the clinical application of the evidence and may be useful to clinicians and the USPSTF. Data include age-specific prevalence rates expressed in 5-year intervals (139) , and treatment effects based on results of the FIT for women without previous vertebral fractures with T-scores of Ϫ2.5 or less (82) . Results indicate numbers needed to screen to reduce fractures that decline with successive ages consistent with previous estimates (1, 2) (Appendix Figure 3) .
To determine the influence of risk factors in selecting women for densitometry screening, we estimated 10-year risks for major osteoporotic and hip fractures for U.S. white women by using the online FRAX calculator (www.shef.ac.uk/FRAX/). By using risk estimates for women aged 65 years with no additional risk factors as the reference case (9.3% risk for osteoporotic and 1.2% risk for hip fractures), we identified age-specific and risk factor-specific categories of women with similar or higher-risk estimates (Appendix Figure 4) . Some women younger than 65 years with risk factors exceed the risk equivalents of the reference case. These estimates may be useful in selecting candidates for densitometry screening. Results of densitometry further characterize fracture risk and are useful in determining the appropriateness of medication. Trials support the efficacy of medications to prevent primary fractures only for women with BMD T-scores of Ϫ2.5 or less. 
